Neodymium and hafnium isotopes and elemental concentrations (Sm, Nd, Hf, Zr) 31 have been measured in three water column profiles south of the Antarctic 32 Circumpolar Current in, and to the east of the Ross Sea, in conjunction with five 33 bottom water samples from the Amundsen Sea Embayment. 34
Introduction 67
The reconstruction of past ocean circulation using seawater-derived neodymium 68 (Nd) isotope compositions has a longstanding tradition on Quaternary and 69 longer timescales (see reviews in Frank, 2002 Hafnium/neodymium ratios are elevated and exceed 0.03 on the shelf, and at 283 the corresponding depth interval at the continental rise station, implying a 284 stronger enrichment for Hf than for Nd in shelf waters (Fig. 3e) . Elevated Hf/Nd 285 is also observed at 500 m at the Haxby Seamount, resulting from the 286 aforementioned high Hf concentration at this depth. The described concentration 287 patterns for Hf and Nd result in low Hf/Nd ratios in low salinity surface waters 288 (Hf/Nd <0.02). Apart from these two prominent features in Hf/Nd ratios -the 289 high ratios associated with the shelf and the low ratios in the surface ocean -290
Hf/Nd ratios are quite uniform, predominantly between 0.02 and 0.03. Seawater 291 close to the seafloor at the deep-sea stations (St 116, 143, 253) has slightly 292 higher Hf/Nd ratios than the neighbouring samples above. This is, however, not a 293 very pronounced phenomenon. 294 295
Seawater Hf and Nd isotope compositions 296
The reported seawater Hf isotope compositions are overall very homogeneous 297 (Fig. 3f) . Apart from the two deepest samples at the Haxby Seamount and the 298 shallowest sample on the continental rise, the seawater Hf isotope composition 299 ranges between εHf = +2 and +3.8. Under the conservative assumption of a 300 representative external reproducibility of ± 0.9 εHf (2 SD, see appendix for 301 details), these values are barely distinguishable. However, the shelf waters are 302 consistently among the least radiogenic observed in their depth interval, which 303 may be a real but minor effect associated with shelf processes (as discussed in 304 section 5.4, 5.5). 305
The observed variation in seawater Nd isotope compositions is very large, 306 ranging between εNd = -9.1 and -3.1. The deep-sea stations stations show 307 virtually identical Nd isotope profiles between 500 and 3000 m, whereby the Nd 308 isotope composition gradually increases from εNd = -9 to -7.8 (Fig. 3g) . Above 300 309 m water depth in AASW the Nd isotope compositions shows some variation, with 310 the surface waters at the continental rise (εNd = -8.1) being more radiogenic than 311 at the Haxby Seamount (-8.5) and in the Ross Sea (-8.8). Below 3000 m Nd 312 isotopes display variable trajectories to more radiogenic compositions. The most 313 extreme occurs at the Haxby Seamount, where an εNd of -3.1 is reached close to 314 the seafloor, opposing the trend to less radiogenic Hf isotopes observed at this 315 site (Fig. 3f) . Bottom waters on the ASE shelf are consistently more radiogenic 316 with neutral density in the Pacific sector is somewhat stronger than in the 359 Atlantic ( Fig. 4c) , which may imply more efficient dissolution of settling particles. 360
However, an exclusive control of the Nd concentrations by reversible scavenging 361 can be precluded, as there is a Nd isotope trend with neutral density (Fig. 4d) , 362 which implies addition of isotopically different Nd by advection and/or at the 363 local boundary. These possibilities are further evaluated in the following section. 364 365
Neodymium isotopes in the Southern Ocean 366
Antarctic Surface Water offshore the West Antarctic margin shows slightly more 367 radiogenic Nd isotope compositions than the core of LCDW beneath it (Fig. 4a) . 368
The observed Nd isotope compositions on the coast, ranging between -6. While AABW is less radiogenic than LCDW in the Atlantic (average εNd = -9.0), itis more radiogenic than LCDW in the Pacific sector (average εNd = -7.0, Fig. 4d) . 422
The different processes in the areas of deep-water formation, which are mostly 423 the Ross Sea in the Pacific and the Weddell Sea in the Atlantic sector, lead tosamples of Pacific Deep Water) were very similar to the filtered ones (341 ± 34), 451 yet very different to crustal ratios of 71 (e.g., Rudnick and Gao, 2003) . This 452
suggests that, at least in the north Pacific, particulate Hf and Zr is predominantly 453 seawater derived. 454
As for Nd, the increase in Hf concentration with neutral density is linear in the 455
Atlantic sector of the Southern Ocean (Fig. 5c) , and also strongly correlated with 456 silicon concentrations (Stichel et al, 2012a) . Most of the samples in the Pacific 457 sector are shifted to higher concentrations for a given neutral density when 458 compared to data from the Atlantic sector (Fig. 5c,d ). Based on the observations 459 (Fig. 1) , 463 implying that a leached fraction from particulates could be much larger than 464 25% for some of the samples reported in this study. Upon visual inspection, 465 water samples taken as close as 1-2 m above the seafloor were, however, 466 completely clear, indicating little disturbance of the seafloor during the cruise. 467
Hence, an enrichment of the deepest samples at the open ocean sites by a factor 468 of up to 1.8 and on the shelf by a factor of up to 3 compared to the Atlantic data 469 (Fig. 5c,d ) is unlikely to result solely from leaching. Instead, these elevated Hfwith the observations made for Nd concentrations and isotopes (this study;
1.2, εHf-Pac = +3 ± 1.1, p-value <0.001). In principle, there are two reasons that 500 could explain the difference. On one hand, it could be that the lack of filtration 501 produces the offset. Fine terrigenous clay sized particles, for instance, could be 502 less radiogenic than ambient seawater, and leaching of these particles may cause 503 the offset. Such a scenario cannot be fully precluded, which means that filtration 504 is crucial for Hf isotopes, especially when studying boundary processes. 
Processes promoting Hf and Nd boundary exchange / release 529
The Nd and Hf isotope compositions observed in the deepest samples at the 530
Haxby Seamount are extreme when compared with the other results obtained in 531 this study (Fig. 3f,g ). Neodymium is well known to exchange isotopically with 532 surrounding lithologies along ocean margins, especially when these margins are 533 However, the systematic and strong shift towards unradiogenic Hf in the 541 bottom two samples at St 253, a shift that appears to be closely coupled to the 542 shift towards radiogenic Nd, (Fig. 3f,g ) is not consistent with the above 543 explanation for the Nd isotopic shift. Rock data from the MBS yield an average εHf 544 of +4.1 ± 3.8 (2 SD, n=10, Kipf et al., in press). Addition of such material cannot 545 achieve the shift in Hf isotopes in bottom water at St 253, away from εHf around 546 +3 towards less radiogenic εHf of -1 in the bottom-most sample. Any radiogenic 547
Hf flux from the MBS, which was previously observed in surface ocean waters 548 adjacent to mafic ocean islands (Rickli et 
